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(57) ABSTRACT

A semiconductor device includes: a substrate having a first
semiconductor layer, an 1insulating layer, and a second
semiconductor layer; an active device on the substrate; an
interlayer dielectric (ILD) layer on the active device; a first
contact plug adjacent to the active device; and a second
contact plug 1n the ILD layer and electrically connected to
the active device. Preferably, the first contact plug includes
a first portion 1n the insulating layer and the second semi-
conductor layer and a second portion 1n the ILD layer, 1n
which a width of the second portion 1s greater than a width
of the first portion.
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1
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of U.S. application Ser. No.

15/402,249 filed Jan. 10, 2017, and incorporated herein by
reference 1n its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method for fabricating semi-
conductor device, and more particularly, to a method of
forming contact plug penetrating through a silicon-on-insu-
lator (SOI) substrate and contact plug penetrating interlayer
dielectric (ILD) layer to connect to an active device.

2. Description of the Prior Art

In the manufacturing of semiconductors devices, SOI
walers or substrates are used to provide superior 1solation
between adjacent devices 1n an integrated circuit as com-
pared to devices built into bulk waters. SOI substrates are
silicon waters with a thin layer of oxide or other insulators
buried 1n 1t. Devices are built 1nto a thin layer of silicon on
top of the buried oxide. The superior 1solation thus achueved
may eliminate the “latch-up” 1n CMOS devices and further
reduces parasitic capacitances.

Current fabrication process for fabricating active device
such as metal-oxide semiconductor (IMOS) transistors on a
SOI substrate typically involves the formation of at least two
different sizes of contact plugs, including a contact plug
connected to the active device and a backside contact plug
penetrating the SOI substrate and connecting to another
silicon water. However, current fabrication for these two
types of contact plugs still poses numerous drawbacks.
Hence, how to provide a simple as well as cost eflective way
for fabricating a device containing these clements has
become an important task in this field.

SUMMARY OF THE INVENTION

According to an embodiment of the present invention, a
method for fabricating semiconductor device includes the
steps ol: providing a substrate having a first semiconductor
layer, an msulating layer, and a second semiconductor layer;
forming an active device on the substrate; forming an
interlayer dielectric (ILD) layer on the substrate and the
active device; forming a mask layer on the ILD layer;
removing part of the mask layer, part of the ILD layer, and
part of the insulating layer to forma first contact hole;
forming a patterned mask on the mask layer and 1nto the first
contact hole; and removing part of the mask layer and part
of the ILD layer to form a second contact hole exposing part
of the active device.

According to another aspect of the present invention, a
semiconductor device includes: a substrate having a first
semiconductor layer, an insulating layer, and a second
semiconductor layer; an active device on the substrate; an
interlayer dielectric (ILD) layer on the active device; a first
contact plug adjacent to the active device; and a second
contact plug 1n the ILD layer and electrically connected to
the active device. Preferably, the first contact plug includes:
a first portion in the msulating layer and the second semi-
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conductor layer and a second portion 1n the ILD layer, 1n
which a width of the second portion 1s greater than a width
of the first portion.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
terred embodiment that 1s 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a method for fabricating a semiconduc-
tor device according to a preferred embodiment of the
present 1nvention.

FIG. 2 1llustrates a method for fabricating a semiconduc-
tor device according to a preferred embodiment of the
present invention following FIG. 1.

FIG. 3 1llustrates a method for fabricating a semiconduc-
tor device according to a preferred embodiment of the
present invention following FIG. 2.

FIG. 4 1llustrates a method for fabricating a semiconduc-
tor device according to a preferred embodiment of the
present invention following FIG. 3.

FIG. 5 1llustrates a method for fabricating a semiconduc-
tor device according to a preferred embodiment of the

present invention following FIG. 4.

FIG. 6 1llustrates a method for fabricating a semiconduc-
tor device according to a preferred embodiment of the
present invention following FIG. 5.

FIG. 7 1llustrates a structural view of a semiconductor
device according to an embodiment of the present invention.

DETAILED DESCRIPTION

Referring to FIGS. 1-5, FIGS. 1-5 1llustrate a method for
fabricating a semiconductor device according to a preferred
embodiment of the present invention. As shown in FIG. 1,
a substrate 12 1s provided and a first region 14 and a second
region 16 are defined on the substrate 12, in which the first
region 14 1s preferably used for fabricating active device
such as metal-oxide semiconductor (MOS) transistors and
the second region 16 1s used for fabricating backside contact
plug penetrating the entire substrate 12 and connecting to
another substrate or semiconductor water.

In this embodiment, the substrate 12 i1s preferably a
silicon-on-nsulator (SOI) substrate, which preferably
includes a first semiconductor layer 18, an insulating layer
20 on the first semiconductor layer 18, and a second semi-
conductor layer 22 on the insulating layer 20. Preferably, the
first semiconductor layer 18 and the second semiconductor
layer 22 could be made of same material or different material
and could both be made of material including but not limited
to for example silicon, germanium, or silicon germanium
(S1Ge). The msulating layer 20 disposed between the first
semiconductor layer 18 and second semiconductor layer 22
preferably includes S10,, but not limited thereto. It should
be noted that even though a SOI substrate 1s chosen as the
substrate for the semiconductor device of this embodiment,
the substrate 12 could also be made of semiconductor
substrate material including but not limited to for example
silicon substrate, epitaxial silicon substrate, or silicon car-
bide substrate, which are all within the scope of the present
invention.

Next, as part of the second semiconductor layer 22 could
be removed to form a shallow trench 1solation (STI) 24
around the second semiconductor layer 22, which an active
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device 1s preferably formed on the second semiconductor
layer 22 surrounded by the STI 24.

Next, an active device 26 1s formed on the substrate 12.
In this embodiment, the active device 26 1s preferably a
MOS transistor, which preferably includes a gate structure
28, a spacer 30 and spacer 32 on the sidewalls of the gate
structure 28, a lightly doped drain 34 in the second semi-
conductor layer 22 adjacent to two sides of the spacer 30, a
source/drain region 36 1n the second semiconductor layer 22
adjacent to two sides of the spacer 32, a selective epitaxial
layer (not shown) in the second semiconductor layer 22
adjacent to two sides of the spacer 32, and a selective silicide
38 on the surface of the source/drain region 36 and the top
of the gate structure 28.

In this embodiment, the gate structure 28 further includes
a gate dielectric layer 40 and a gate material layer 42 or gate
clectrode on the gate dielectric layer 40, 1n which the gate
dielectric layer 40 could include S10,, silicon nitride, or
high-k dielectric layer and the gate matenal layer 24 could
include metal, polysilicon, or silicides.

Each of the spacer 30 and spacer 32 could be a single
spacer made of material including but not limited to for
example S10,, SiN, S1ON, SiCN, or combination thereof.
Nevertheless, according to an embodiment of the present
invention, each of the spacers 30 and 32 could also be a
composite spacer including a first sub-spacer (not shown)
and a second sub-spacer (not shown), 1n which one of the
first sub-spacer and the second sub-spacer could be
L-shaped or I-shaped, the first sub-spacer and the second
sub-spacer could be made of same material or different
material, and both the first sub-spacer and the second
sub-spacer could be made of material including but not
limited to for example S10,, SiN, S10ON, SiCN, or combi-
nation thereof, which are all within the scope of the present
invention.

Next, a contact etch stop layer (CESL) 44 preferably
made of silicon mitride 1s formed on the substrate 12 to cover
the gate structure 28 and an ILD layer 46 1s formed on the
CESL 44. Next, a mask layer 48 and a patterned resist 50 are
formed in the ILD layer 46, in which the mask layer 48
preferably includes am amorphous carbon film (APF) 52 and

a dielectric antiretlective coating (DARC) 54 on the APF 52
and the patterned resist 30 includes an opening 56 exposing
the surface of part of the DARC 54 on the second region 16.

Next, as shown in FIG. 2, an etching process 1s conducted

by using the patterned resist 50 as mask to remove part of the
DARC 54, part of the APF 52, part of the ILD layer 46, part

of the CESL 44, part of the ST1 24, and part of the insulating
layer 20 on the second region 16 to form a first contact hole
58, in which the first contact hole 58 preferably exposes the
surface of the first semiconductor layer 18. In this embodi-
ment, an etching gas used to form the first contact hole 58
could be selected from the group consisting of octatluoro-
cyclobutane (C,F,), argon, and oxygen gas, but not limited
thereto.

Next, as shown 1n FIG. 3, an oxygen gas could be used to
strip the patterned resist 50 and at the same time remove part
of the sidewall of the mask layer 48, 1n which this removal
step particularly removes part of the DARC 54 and part of
the APF 52 immediately adjacent to the first contact hole 58
on the second region 16 thereby expanding the size of the
first contact hole 38 within the DARC 54 and APF 52. In
other words, the first contact hole 38 on the second region
16 at this stage includes two different widths, 1n which the

width of the first contact hole 538 within the DARC 54 and
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APF 52 1s greater than the width of the first contact hole 58
within the ILD layer 46, CESL 44, STI 24, and insulating

layer 20.

Next, a patterned mask 60 1s formed on the mask layer 48
and filled into the first contact hole 58, in which the
patterned mask 60 preferably fills the first contact hole 38

having smaller width within the ILD layer 46, CESL 44, STI
24, and msulating layer 20 completely but does not fill the
first contact hole 38 having greater width within the DARC
54 and APF 52 completely. In this embodiment, the pat-
terned mask 60 1s preferably a patterned resist, but not
limited thereto.

Next, as shown in FIG. 4, a first etching process 1is
conducted by using the patterned mask 60 as mask to
remove part of the mask layer 48, 1n particularly part of the
DARC 34 and part of the APF 52 on the first region 14 for
exposing the surface of part of the ILD layer 46 underneath.
In other words, the first etching process preferably transiers
the pattern of the patterned mask 60 to the mask layer 48 for
forming a plurality of second contact plugs 62. It should be

noted that most or even all of the patterned mask 60 would
be removed or consumed by the etching gas while part of the

DARC 54 and part of the APF 52 are etched to expose the
DARC 54 on the first region 14 and the ILD layer 46 on the
second region 16 underneath. Hence after the second contact
holes 62 are formed in the DARC 54 and APF 52, most of
the patterned mask 60 are likely be removed to expose the
top surface and sidewalls of the mask layer 48 on first region
14 as well as the first contact hole 58 on the second region
16.

Next, as shown i FIG. 5, a second etching process 1s
conducted by using the DARC 54 as mask to transfer the
pattern of the second contact holes 62 within the DARC 34
and APF 352 to the ILD layer 46 and CESL 44. This forms
second contact holes 64 within the ILD layer 46 and CESL
44 on the first region 14, 1n which the second contact holes
64 expose the gate structure 28 and the source/drain region
36 of the active device 26. It should be noted that since no
hard mask 1s disposed or shielded on top of the ILD layer 46
on the second region 16 during the second etching process,
part of the ILD layer 46 on the second region 16 would then
be removed to expand the first contact hole 58 in the ILD
layer 46 and expose the top surface of CESL 44 underneath
during the formation of the second contact holes 64 on the
first region 14. Next, an oxygen plasma treatment could be
employed to strip the remaining patterned mask 60, DARC
54, and APF 52 and expose the top surface of ILD layer 46.

Next, as shown 1n FIG. 6, a contact plug formation 1is
conducted by forming a conductive layer 66 in the first
contact hole 58 and second contact holes 64, 1n which the
conductive layer 66 further includes a barrier layer (not
shown) and a metal layer (not shown). Next, a planarizing
process such as chemical mechanical polishing (CMP) pro-
cess 1s conducted to remove part of the metal layer, part of
the barrier layer, and even part of the ILD layer 46 to form
a first contact plug 68 within the ILD layer 46 and substrate
12 on second region 16 and second contact plugs 70 within
the ILD layer 46 on the first region 14 to electrically connect
the gate structure 28 and source/drain region 36. Preferably,
the first contact plug 68 on the second region 16 includes a
first portion 72 embedded in the msulating layer 20 and STI
24 and a second portion 74 in the ILD layer 46. In this
embodiment, the barrier layer could be selected from the
group consisting of 11, Ta, TiN, TaN, and WN and the metal
layer could be selected from the group consisting of Al, Ti,

Ta, W, Nb, Mo, and Cu.
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Next, follow-up process could be carried out depending
on the demand of the product by performing a metal-
interconnect process to form multiple inter-metal dielectric
(IMD) layers and metal mterconnections on the ILD layer,
removing the first semiconductor layer 18 completely to
expose the bottom surface of the mnsulating layer 20 and the
bottom of the first contact plug 68, and then adhering
another fabricated substrate or semiconductor water onto the
bottom of the insulating layer 20, 1n which the two substrates
could be connected electrically through the first contact plug
68. This completes the fabrication of a semiconductor device
according to a preferred embodiment of the present inven-
tion.

According to an embodiment of the present invention, 1t
would also be desirable to apply the alorementioned fabri-
cation ol backside contact plug penetrating the entire sub-
strate 12 on second region 16 to the fabrication of a
through-silicon via (ITSV). For istance, it would be desir-
able to extend the depth of the first contact hole 58 down-
ward during the formation of first contact hole 58 1n FIG. 2
so that the first contact hole 58 would be formed 1nto part of
the first semiconductor layer 18 but without penetrating
through the first semiconductor layer 18. Next, processes
shown 1n FIGS. 3-6 are conducted to {ill the first contact hole
58 with conductive layer and then planarizing part of the first
semiconductor layer 18 until exposing the bottom of the first
contact plug 68. In contrast to the structure shown in FIG. 6,
the bottom of the first portion 72 of first contact plug 68 in
this embodiment would be embedded within the first semi-
conductor layer 18 instead of even with the bottom of the
insulating layer 20.

Referring again to FIG. 6, FIG. 6 illustrates a structural
view ol a semiconductor device according to a preferred
embodiment of the present invention. As shown in FIG. 6,
the semiconductor device includes a substrate 12, a first
region 14 and second region 16 defined on the substrate 12,
an active device 26 disposed on the substrate 12, a ILD layer
46 disposed on the active device 26, a first contact plug 68
disposed 1n the ILD layer 46 and substrate 12 on second
region 16 and second contact plugs 70 disposed 1n the ILD
layer 46 on first region 14 to electrically connect to the
active device 26.

The substrate 12 1s preferably a SOI substrate including a
first semiconductor layer 18, an msulating layer 20, and a
second semiconductor layer 22, and the active device 26
preferably includes a gate structure 28 disposed on the
second semiconductor layer 22 and a source/drain region 36
in the second semiconductor layer 22 adjacent to two sides
of the gate structure 28.

Viewing from a more detailed perspective, the first con-
tact plug 68 includes a first portion 72 embedded in the
insulating layer 20, second semiconductor layer 22, and STI
24 and a second portion 74 in the ILD layer 46, in which the
width of the second portion 74 1s preferably greater than the
width of the first portion 72, the width of the first portion 72
1s greater than the width of each of the second contact plugs
70, the width of the second portion 74 i1s greater than the
width of each of the second contact plugs 70, and the top
surfaces of the second portion 74, second contact plugs 70,
and ILD layer 46 are coplanar.

Next, a CESL 44 1s disposed on the gate structure 28 and
the substrate 12, in which the sidewalls of the CESL 44 are
aligned with sidewalls of the ST1 24, insulating layer 20, and
the first semiconductor layer 18. Preferably, a distance
measured from a top surface of the STI 24 or second
semiconductor layer 22 to a top surface of the ILD layer 46
1s between 2000 Angstroms to 3000 Angstroms, and a
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distance measured from a bottom surface of the insulating
layer 20 to the top surface of the ILD layer 46 1s approxi-
mately 5000 Angstroms.

Reterring to FIG. 7, FIG. 7 1llustrates a structural view of
a semiconductor device according to an embodiment of the
present invention. As shown 1 FIG. 7, 1 contrast to the

alorementioned embodiment of disposing the ILD layer 46
on an un-cut CESL 44, it would be desirable to first remove
part of the CESL 44 on second region 16 during a silicide
process alter FIG. 1 so that when part of the mask layer 48,
part of the ILD layer 46, part of the ST1 24, and part of the
insulating layer 20 are removed to form the first contact hole
58 1n FIG. 2, none of the CESL 44 would be removed during
the etching process or the sidewall of the CESL 44 would be
completely covered under the ILD layer 46 instead of being
exposed 1n the first contact hole 58 as shown 1n FIG. 2. Next,
processes from FIGS. 3-6 could be carried out to complete
the fabrication of a first contact plug 68 and second contact
plugs 70. Since part of the CESL 44 has been removed so
that none of the CESL 44 1s formed on the second region 16
prior to the formation of ILD layer 46, the first portion 72
and second portion 74 of the first contact plug 68 would not
be contacting the CESL 44 directly afterwards, which are
also within the scope of the present invention.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaiming the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a substrate, wherein the substrate comprises a first semi-
conductor layer, an insulating layer, and a second
semiconductor layer;

an active device on the substrate;

a shallow trench 1solation (STI) around the active device;

an interlayer dielectric (ILD) layer on the active device;

a first contact plug adjacent to the active device, wherein
the first contact plug comprises:

a first portion 1n the msulating layer and the STI and
contacting the STI directly; and

a second portion 1n the ILD layer, wherein a width of
the second portion 1s greater than a width of the first
portion;

a second contact plug in the ILD layer and electrically
connected to the active device; and

a contact etch stop layer (CESL) on the active device and
the substrate, wherein the CESL contacts the first
portion and the second portion directly.

2. The semiconductor device of claim 1, wherein the

active device comprises:

a gate structure on the second semiconductor layer; and

a source/drain region adjacent to two sides of the gate
structure and in the second semiconductor layer.

3. The semiconductor device of claim 1, wherein a width
of the first portion 1s greater than a width of the second
contact plug.

4. The semiconductor device of claim 1, wherein a width
of the second portion 1s greater than a width of the second
contact plug.

5. The semiconductor device of claim 1, wherein the top
surfaces of the second portion and the second contact plug
are coplanar.
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6. A semiconductor device, comprising:

a substrate, wherein the substrate comprises a first semi-
conductor layer, an 1insulating layer, and a second
semiconductor layer;

an active device on the substrate; 5

an 1nterlayer dielectric (ILD) layer on the active device;

a 1irst contact plug adjacent to the active device, wherein
the first contact plug comprises:

a first portion in the insulating layer and the second
semiconductor layer; and ,

a second portion 1n the ILD layer, wherein a width of
the second portion 1s greater than a width of the first
portion;

a second contact plug in the ILD layer and electrically
connected to the active device; and

a contact etch stop layer (CESL) on the active device and
the substrate, wherein the CESL not contacting the
second portion directly and a bottom surface of the

CESL not contacting the second portion directly 1s even

with a bottom surface of the second portion.
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7. The semiconductor device of claim 6, wherein the
active device comprises:

a gate structure on the second semiconductor layer; and

a source/drain region adjacent to two sides of the gate
structure and in the second semiconductor layer.

8. The semiconductor device of claim 7, further compris-
ing a shallow trench 1solation (STI) around the source/drain
region.

9. The semiconductor device of claim 6, wherein a width

of the first portion 1s greater than a width of the second
contact plug.

10. The semiconductor device of claim 6, wherein a width
of the second portion 1s greater than a width of the second
contact plug.

11. The semiconductor device of claim 6, wherein the top
surfaces of the second portion and the second contact plug
are coplanar.
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